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Introduction

‘1’hc northcn  l](m~ispll(:rr (N II) lower stratosphc[(’ was II II II SIIally  cold in 1 )rc

1994 and .Jal)  1 !)95 tllld  t(:lll])(?lzitllI’(’s  low m)llgh for ])ohw stratos])h(:ric  (’1011(1 (} ’s(:)

fol”lll{LtiOl]  p(mist(d  Ilntil  n]icl-Mar(:h  1  9 9 5 ; the p o l a r  iortcx  w a s  (’xc(:ptiollally  stronx

thro{l~l]ollt  th(’ wint(’r  [Zurfl:  ft a l ., sul)mittml  t o  (;( O@LIJS.  I/c.$. IJ(ii.]. [J])])(’I’

Atmosphm:  l{(:sczLK}l

dul’lllg  th(: ])M:V101IS  3

Vort(lx Colllparabl(’  t o

Satel l i te  ((JAILS)  Micmwavc Lilllb SouIIdcI  ( M1,S) ~llc~asutt:l~~c~llts

N]] winters showed  enhanced  cl~lorine monoxide ((;10)  ill the N}-]

the SOIItlIeID hcmisphcm (S}1) [ lVdrns d {/1., 1 995], and evidmm

f o r  o z o n e  (0:])  d(q)l(:tiou in the  NII IOWCI stratosphm  [A4anncy (t al., 1994;  1995a, b].

N]] 03 loss vari(x  markd]y du~: to inh:rannlla]  variability ill the duration, location  md

(xtcnt  of t(’llll)(:latlllt?s  low eIIOIIp;lI to form  l’S(;  s, and  in 03 trmlsport  [e. g., lllannry  ct

al., 19951)].  W(? l)rcscnt olxstmmtions  from h’1l ,  S in l:itt  lhx 1994 and Ficb and (Yuly h4ar

1995 that indimt(:  si~nificallt  OS depiction, and COIII1)ZIIC  these witl] obsmwations  during

oth(:r  N]] winters okx:rvd  I)y MI,S.

Data and Analysis

‘1’1)( L] 1,S (Iata aIld validatioli  ar(! d(w:ril)t:d  by l’bidcua  //./> C( ul. [ 1 9 9 ( L ]  for

():], and l)y Wairrs  ri al. [1995] for (;10. l:rccisions  (rms)  o f  illdividua]  03 ((;10)

l~](::~sll](:l]l(’l~tfs  arc CVO.2 ppmv  (NO. <5 pphv),  wi th  abso lu te  accllrarits of 15-20(70  in tht’

1OW(H’ Stl’zit!os])ll(  ’r(’. ‘1’hr M 1,S scm mcchanisnl  dcvdopcd  l)IolJl(mIs  ill Iai,( 1994 ,  and

ww+ IIs(d sl)ari)lgly  tll(v(:aft(v  t o  COIIS(JIV(:  instr{llnmt  lif[:. h4 1,S ol)tail}(xl  fllll  vcrtiral]y

Scann(’(1  da ta  01) 21 I)(T 1994, 1, 3, s, 14,  21, ‘2s 1“(:1),  and  6 ,  s an(l 10 M a ] ’  1995.  MI/s

tr’:lrk(,(l  tll(’ zlilll(~sl)llf:Ii(-  limb at  1 8+2.5 k m  withollt  I’crtical  scanning  frolll 22-30 l)(:c

1 9 ! ) 4  ZIlld fl’olll  ~ ]J(’l)-!) h!W ] !)!)~, (lXC]lldillg  th(; SC.u?U)l)il).$  d%~S;  t]liS ~]]OWd  IiIllit(>(]  dZii]y

atll)osl~l)(:ric mol)itorin~. ():] ill)(l (.~lo at 46 hl’a all: rttricvd frolll tll(%(: “lloll-srzillllillg”

111(’t~s~ll(~lll(’l)ts,  l)llt with lXX)IXH v(xtic.al r(:sollltion  tl)an  the sranlli[lg IIl(:aslll.t:lll(?llts.



r.ow~~  stratospheric (> ZOIIC and” C1O

]“ig. ] ShOWS  465 1{ 1.)]<M()  IlliUi IllUIll  t(?Ill~)(’I’21tLlJ’C,  2Llld

0:3  iI) tll(> N]] dllring  1994-95, compared with tl)c previol]s  3
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1995 raisfx] tmnpcraturm  to near type I  1’s(: tllrcsllold  Valllcs.

Vortex-aver:Lg( :cl Ml,S (;10  is shown  in Fig. lb, III late Dm 19?4, (~10 wasohsmvd

to hr consid(:rahly  highm  than during  any  of the previous 3 ymrs. When MI,S looked

Sollth dllrin~  .]tLIl, tllcvortcx  mnaind shift(x\ol  Tthc ljolc iLIId tilt Iinllsllally  lar~e  c o l d

rf:~ioll w a s  mai Illy iIl  sllnligllt,  providi  Ilg coI)d~tioIIs  fa\’orzil>lc’  to col]tinllal  prcdlldion  o f

(~](). A s  Cxpw’t(d,  (~]() Waf+ (’nhancd  throu~hout  th(’vortm  W]ICII  h41,S IWllllld  N]]

ll~(?:isllrt~l~lt:ilts  on 1  F{:b  199,5. Millimum tm~~)(:raturf’s  m+: alwv~’ th(~ PS(; tllr(:shold

on N8 l“cb 199,5  (1’’i~. 1a) :Lnd  (~lo decreased  r a p i d l y  ( F i g .  1 b ) ;  011  1 4  l’ch o n l y  s m a l l

intrllsiol)  of low latitlld(:  air I)(:forc lat~’ .laII. As expccttxl,  31) t ral~sport  t(wds  to incrt:as(~



if only  tm)sport  w(:rc important ,  as  opposd  to the N2.6  ppmv olm:rvd.  ‘1’his  impl i e s

thtLt tll(?ol)s(’rv(d  dccr(?as(!  WiLS dllc  ll):LiIlly  to c.l)emistry,  ;llld in{licat(!s that,  ~1/4 of tll(’

c.hemim]  dmtrllctio]l  was mask]  by transl)or~. Iloth  the’ 03 dm-I(XlS(S  I)etwc(:n late I)rr

tUld (::i~ly hkb,  iLlld th(~  K! SII])])].Y  Of hi#l CI’ ():3 by tI’ZLll  SIX)l’t  , w(’r(~ silnilar  ill magllitud(’  t o

thw+ in ll’(:lJ/  Mar 1993 [I14ann(y ct al., 1995zL]. llowcvcr,  ill coutrast  to 1992-9:3,  m o s t

o f  th(’ ():3  d(wtrll(;tioll  near 465 K  ill 1 9 9 4 - 9 5  t(Jok pla(x> (’zLIli(’r  iI) tll(’  wint(v wh(~ll  1 )

lms of tllc  high latitlldes  w(:re(:xl)osd  to sunlight (so dl(lniml  prom+sillg  was possibl(

in  a smallm  arm), and 2) lms ozone  had p r e v i o u s l y  he(v) tl’atls]ml’ld  to tll(? lower

s t r a t o s p h e r i c  v o r t e x  by diabatic  desc.cnt  (so lower millimllm Valu(:s  o f  465  K 0~ W(:rt’

okrvd  durins the 1994-95 wint(:r).

lntrusiol]s  o f  l o w  03 air  into the vortex  in c?Lrly  F’el) Clm-rczm  c.olnl)utd  vortcx-

av(mg(’d  ():] Ily 110 11101’(:  tllall NO.15 l)pmv  [lFig.  1(:, op(Il  dianlollds].  ‘1’h(’ obscrv(d

03 dc’rrt’as(:  I.)ctw(xm 1 and 8 l“ch may  have l)em partly  mused I)y sII(ll  alI i n t r u s i o n ] .

Obscrvd  \’c)rt(?x-av(nI:t~(:cl  low(:r stratos~)hcric 0:} relnain[’d  Il(:aIly constant  afkr mr]y

17cI), whmas  t r a n s p o r t  w a s  (wp(’(-tc(l  t o  illrl(as(\’c)ltcx  03 s~ll)stantially.  ‘1’llis  sIIp;x(sts

a d d i t i o n a l  ch(mic.  al d(~str~lc.t,ion  of N().30.4  ppmv of v o r t e x  (.):3.  I“igy+.  2c and ‘2d show

t h a t  tll(’ higllcst  ():3 vall](:s W(’rc  Il(?ar  t h e  VcJI’t(’x Cdg(! tht’oughollt,  IJ(’])  all(l  (YIJ’]y  Mar

19:)5. ‘1’h( tra])sl)ort  calclllatio]ls  a l s o  r(sult ill maximl]lo  ():$ aloIIg (11( vortt:x  (dg(

(Ilot sllowll),  sin(x:stron,q:st  dial~atir d(wmllt  oc.~llrs  tll(]c, 1)111 yi(ld  hip,ll(~t 0:3 t h a n

obscrv(’(1  ill th(> vort(:x  C(:nt(:r. ‘1’1]{’  ol>s(:rv(’d  465 K  ():3 Inorphology  i s  LIIIIS dllc  to a

colnbillatioll  of Ch(:lnica]  2LIId d y n a m i c a l  (!fr(xts. ‘1’hc tmlsport  calrlllatiol]  initialized 0:1

~~ ]J(!l> (]~i~, ](-, Op(:])  S(]llZLI’(’S )  impli(s  that  m o s t  of tht 0:,  t-hall~f  I,ftivrtn tht*l  and

10 Mar raII I)(, (xl)laill(d  by translmrl,. ]Iotll  illf(rr(:d  cll(lnical  ():j l o s s  aIld r(slll)}~ly  I)y

di:Ll)ati( (1(’sr(’l]t  ill lat(~ l“(:lJ/(Jarly  hlar 1!195 “:LIX’ Sln:ill(’r  t h a n  (Illri]lg  tll(’ ( ’ . 0 1 ( 1  S])(’]] in

]at(’  ]4’(’h/(XLdy  MZLI’ 1094 [fl~mnry  di d., 19951>].



l“i~. 3  s h o w s  tll<’ 0:3 f:llaIl~c  I>ctwixm  21 l)CC 1994 and 3 11’(?lJ  l!)$lf)  in l’V/O-spaC(:

[e.g.,  ,5’CILOCLCT1 cf al., 1 989; Man?l(y  ct al,, 19{)4].  T]](’ O:j dfx:r(?as(’ \\’its  (’.ol)fi II(:C1 b(?low

-!5’20 K, al)d [)( ’C II I’I’(Y1  tllmlgllollt  Inost  of the vortex (Sold I’V ;: 1.’2 x 1 0–4 s–’ ).

(;10 w a s  (:nl)allmd  (Jv(’r  ii silllilar r(:gion. 111 th(: C< ’Ilt(’1”  o f  tll(’  V[)rt  (’x a t  t i l t !  IOw’(’st

l(?v(ls  slIowI), tl)(: localizd  ():3 df:crcasc  w a s  -J.3 0 % .  Lidar obs(:rvations  [I)onovan  d al.,

submit t(xl to Ccopltys,  }tc.s.  l,cti. ] s h o w  that the 03 de(reasc? vxt(:n(ld  to lower  altitud~?s

than zLr(: rc]iahly  c)hscrvd  l~y MI,S.

column Ozone



(; CO])llTJS.  l{CS, I,cI.1.] show(d  ol~s[:rvatic)ns  of u]lusllal]y  low colum]]  ():j OVC:I Sih[:ria

l’lC1)  and h4a1 1995, and suggcxtd  t h a t  t h a t  amomaly  COIIICI  not Ix:ml)lainm]  solt:ly

dyllallliral  ~fro(ts.

i n  (:zLIly winter (1’’ip;. 6 a ,  21 ,11111 1994), S 1 1  mlunlll  ():i is in al] r(sl)t:cts  v(:ry

in

by

ol)s(:t.vc(l  ill th(~ Iow(:r st,riltc)sl)l)f:l.(’, NII COllllllll  ():3 C]l:ill}\CS  al”(’ Sltfli{:i(:ntly  slllal] that

th(! patt(:rlls  al”(’ strol)gly  il]flllt:llc,txl  I)y dyllamiml proc.ms(:s, ;11)(]  Cll(!ll)i(’zil  (: fl(’cts  cannot
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readily be isolatd.
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Figure  1. (a) Millir]lu]]l  465 Ii vortex t e m p e r a t u r e s ; vortex-avpra~ed  (1))  (“~1[)  (ppbv)  a n d  (c)

():3 (ppluv) for  1 Dec through 20 Nlar. Black  dpts  in (b) and (c) show scanning MLS datain

1994 -95;  dashed line  in (b) SIIOWSC1O frolll [lo[l-s[a[l]lillg~ lata(sPetrxt). Open sylllholsin  (c)

s h o w  tra]lsport  calcu]atio[ls in i t i a l i zed  On 21  l)ec 1994 (triallgles),  1 l“f,l) 1995 (dialnonds) and

2S l:eb 1995 (squares) .

~ri~llre  2. 465 1< M], S ~~ (]) PIIIV) 01) 21 L)PC 10!)<~, ;] ZLnd 1 4  l“el), a n d  8 ~lar  lgo~. ~’hp

projection is orthographic, with 0° longitude at the bottol~l  and 90°1; to the right; dashed lines

are at 30° and 60° N. 0.25 and 0.30 x 10–’ 1 1< m2 kg–l s
-1 F)V contol]rs  are overlaid.

Figure  3. OS change (ppmv) between  21 l)PC 1994 ancl 3  FelJ 199T), ill l’V/&spacc.  I’\~ i s

scald in “vc)rticity  uliits” to give a similar range of values  at all levels  SIIOWII.  Black  c o n t o u r s

are 0.4, 0.6 and 0.S ppl)v  of CIO averaged for”] , 3 ,  a n d  8 I’eb 1995, \vitli  lli~hcsL v a l u e s  a t

hi~hest 1’V. l’he I’V contour used for vortex averages in 1 ‘ig. 1 corresponds to a scaled [’V of

1.’2 X  1 0- ‘1 s- - ]  . PJ’hit,c rolltour  is zrro 03  cl~anxe.

F’igure  4. As in ]Ji~. 2, but for colulnn 03 abov~ 100 h} ’a. 195 and 200 K tclllp~rature  contours

are overlaid.

l’igure  5. As in I’iF;. .1, l~ut, for 9 I’clj 19’79 (frol~l  I, IIvIS) :Lnd Ilj Jan  1992, 2 hlal 1991J  and x

Mal” 1091  (fl”(ml MIX).

l(’igure  6. }Is ill l’ig.  .5, I)ut for 21 Jun and 8 Sip  1!394  in t,hP S11. 0° ]c)[i~itudc is at tllc  t op .
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